We report a case of Mycobacterium bovis BCG vertebral osteomyelitis in a 79-year-old man 2.5 years after intravesical BCG therapy for bladder cancer. The recovered isolate resembled M. tuberculosis biochemically, but resistance to pyrazinamide (PZA) rendered that diagnosis suspect. High-pressure liquid chromatographic studies confirmed the diagnosis of M. bovis BCG infection. The patient was originally started on a four-drug antituberculous regimen of isoniazid, rifampin, ethambutol, and PZA. When susceptibility studies were reported, the regimen was changed to isoniazid and rifampin for 12 months. Subsequently, the patient was transferred to a skilled nursing facility for 3 months, where he underwent intensive physical therapy. Although extravesical adverse reactions are rare, clinicians and clinical microbiologists need to be aware of the possibility of disseminated infection by M. bovis BCG in the appropriate setting of clinical history, physical examination, and laboratory investigation.
CASE REPORT
We report a case of Mycobacterium bovis BCG spinal osteomyelitis affecting a 79-year-old man 2.5 years after intravesical BCG administration for bladder cancer. A 79-year-old man was admitted to the Erie County Medical Center in December 1997 with low back pain, left hip pain, lower extremity weakness, and inability to walk. He first had back pain in June 1996, when he sustained a compression fracture of vertebral body L1. He had additional compression fractures of vertebral bodies L5 and T11 between December 1996 and June 1997; all of these fractures were attributed to osteoporosis. His medical history included hypertension, two myocardial infarctions (in 1974 and 1975) , cigarette smoking, Parkinson's disease, and peripheral vascular disease.
The patient had bladder cancer diagnosed in November 1993. A cystoscopy done at another medical center at that time showed a slightly more than 5-cm transitional cell carcinoma (grade 1, stage 0), for which he was treated with transurethral resection the following month. A repeat cystoscopy 18 months later revealed multiple superficial urinary bladder tumors aggregating to less than 5 cm (grade 2, stage 0), and all were resected at the time of cystoscopy. Treatment with intravesical bacillus Calmette-Guérin (BCG) immunotherapy (TICE strain by Organon) was started in June 1995 with one instillation treatment given every week for 8 weeks, followed by one treatment every month for the next 12 months, with the last dose of BCG given in October 1996. Follow-up cystoscopy was performed every 3 months until May 1997; these examinations did not reveal any evidence of a recurrent tumor.
On physical examination for this current admission, he had bilateral lower extremity weakness and pain with hip movement, especially on the left, but no other significant abnormality. X-rays showed the old compression fractures at T11, L1, and L5 plus new destructive changes affecting vertebral bodies L2 and L3. Magnetic resonance imaging revealed destruction of the vertebral body of L3 with a paraspinal soft-tissue mass extending into the left psoas muscle. The spinal canal was severely compressed at L3. The patient underwent a computerized tomography (CT)-guided needle biopsy of vertebral body L3 and the paraspinal mass, but no tumor cells were seen and stains for bacteria, mycobacteria, and fungi were negative. Therefore, 2 weeks later, a laminectomy was performed which revealed pus in the paraspinal mass and the psoas muscle. Histological examination of the tissue obtained did not show granulomas or acid-fast bacteria (AFB). Cultures for routine bacteria and fungi showed no growth. No AFB were seen on concentrated smears in both biopsies, but BACTEC 12B broth (Becton-Dickinson, Sparks, Md.) was positive for growth after 3 weeks from the initial specimen and eventually all specimens. Subcultures to Lowenstein-Jensen (L-J) and 7H10 media grew the same nonchromogenic rough colonies 3.5 weeks after inoculation from both biopsies. The use of a nucleic acid probe (AccuProbe; Gen-Probe, San Diego, Calif.) for M. tuberculosis complex organisms was positive. Nitrate reduction was weakly positive (1ϩ) on colonies recovered from the CT-guided biopsy and negative on those recovered from the open biopsy. Results of additional biochemical testing of the initial biopsy colonies were as follows: niacin production negative, heatstable catalase reaction (at 68°C) negative, pyrazinamidase negative, semiquantitative catalase of Ͻ20 mm, and thiophene-2-carboxylic acid hydrazide (TCH) susceptible. The isolated AFB were susceptible to isoniazid, streptomycin, rifampin, and ethambutol but resistant to pyrazinamide (PZA) as determined by the radiometric BACTEC methods. Repeat testing for PZA susceptibility confirmed resistance to the drug; all isolates reacted similarly. The preliminary identification was M. tuberculosis complex. Subsequent testing by high-pressure liquid chromatography (HPLC) performed at North Carolina State University, upon referral from the New York State Health Department, identified the mycobacterium as M. bovis BCG.
The patient was started on a four-drug regimen of isoniazid, rifampin, ethambutol, and PZA. When susceptibility results became available, the regimen was changed to a 12-month course of isoniazid and rifampin. Subsequently, the patient was transferred to a skilled nursing facility, where he underwent intensive physical therapy for 3 months to restore strength to his lower extremities. At the time this report was prepared, the patient was unable to walk because of persistent leg weakness. However, he was living at home and using a wheelchair. He had had no recurrence of bladder cancer.
Discussion. BCG is a live attenuated strain of M. bovis that was first used for immunization against tuberculosis in 1921. Over 3 billion doses of BCG vaccine have been given since 1948, and it has been considered safe (15) . Localized abscesses, regional lymphadenopathy, and disseminated disease in immunocompromised hosts are uncommon but well-recognized complications (8, 13, 15) . Intravesical instillation of BCG was first introduced by Morales and associates in 1976 (10) and is currently the most effective agent for therapy and prophylaxis of superficial transitional cell carcinoma of the urinary bladder (i.e., Ta, T1, and carcinoma in situ) and has been used in order to treat existing or residual tumors, prevent tumor recurrence, prevent disease progression, and prolong survival (12) . Complications of BCG instillations for cancer therapy are relatively rare but are more frequent than in tuberculosis vaccination programs. While side effects such as hematuria, dysuria, increased urinary frequency, and an influenza-like syndrome are common, intravesical BCG is considered safe and extravesical complications are rare (9). Lamm and associates (7) noted the incidence of the following complications in 2,602 patients: fever (2.9%), hematuria (1.0%), granulomatous prostatitis (0.9%), pneumonitis or hepatitis (0.7%), arthralgia (0.5%), epididymitis (0.4%), sepsis (0.4%), rash (0.3%), ureteral obstruction (0.3%), contracted bladder (0.2%), renal abscess (0.1%), and cytopenia (0.1%). The same authors made treatment recommendations for BCG-related complications.
BCG osteomyelitis is a rare complication of vaccination with BCG for prophylaxis of tuberculosis (1, 11) . It has been reported after use of intralesional BCG injections in a melanoma case (14) . To our knowledge, it has been reported only once previously after intravesical BCG instillation for bladder cancer (5). In our case, the patient's advanced age and pre-existing osteoporotic compression fractures of the spine may have contributed to the development of vertebral osteomyelitis.
The M. tuberculosis complex includes M. tuberculosis, M. africanum, M. bovis, M. bovis BCG, and the newly described species M. canetti. Nitrate reduction and niacin production are strongly positive in cases of M. tuberculosis infection. Colonies grown in our case had weak nitrate reduction and no niacin production, making M. tuberculosis a remote possibility. M. africanum is a cause of human tuberculosis in tropical Africa. In addition, M. tuberculosis and M. africanum are both resistant to TCH inhibition and susceptible to PZA. In our case, colonies were susceptible to TCH inhibition and resistant to PZA, results that favor an identification of M. bovis. A possible consideration at this point would be M. bovis BCG. The treatment history with BCG makes a diagnosis of M. bovis BCG more likely. Differentiation of wild-type M. bovis and M. bovis BCG based on morphology and biochemical criteria is difficult, since the two exhibit similar features. Although both species demonstrate susceptibility to TCH inhibition and resistance to PZA, some differences help to distinguish them. M. bovis BCG strains are eugonic, i.e., more rapidly growing (requiring 3 to 4 weeks to grow on L-J medium), having a rough, buff-colored appearance, and in some cases, accumulating niacin (6) . M. bovis, on the other hand, has a very slow growth rate, producing dysgonic-appearing colonies on L-J medium, frequently requiring 6 to 8 weeks to become observable. Growth of most strains is better on L-J medium than in Middlebrook 7H10 or an equivalent medium, the best being one without glycerol, although repeated subculture permits growth adaptation (17) . Typical colonies are buff colored, low, and small and may appear either smooth or rough on egg-based media. On Middlebrook 7H10 agar, colonies are very flat and transparent and often show little or no stranding (referred to as water droplet like) (6) . Freshly isolated cultures of M. bovis are microaerophilic, and inocula dispersed into liquid, semiliquid, or solid agar media grow in the medium but not on the surface, while M. bovis BCG strains grow well aerobically. In addition, M. bovis BCG strains grow well on glycerated media (17) . In our case, colonies grew after 3 weeks and had a rough, buffcolored appearance, favoring a diagnosis of M. bovis BCG.
The four validated methods for the definitive identification of M. bovis BCG are phage typing (4), HPLC (2), restriction fragment length polymorphism analysis with the use of insertion element IS1081 as a probe (i.e., IS1081 fingerprinting) (16) , and amplification of a specific region containing the major polymorphic tandem repeat by PCR, followed by restriction enzyme analysis (3) . HPLC was the method used in our case. This is the second report of Pott's disease caused by intravesical BCG therapy for bladder cancer. The standard mycobacterial culture techniques currently used in the majority of laboratories are capable of recovering the organism as M. bovis. More sophisticated techniques are probably needed to confirm a diagnosis of M. bovis BCG as mentioned above. Media and growth parameters may have to be adjusted to recover some of the difficult-to-grow nontuberculous mycobacteria. Microbiologists should consider M. bovis BCG when a nucleic acid probe is positive but the organism is characterized by negative nitrate reduction, negative niacin production, susceptibility to inhibition by TCH, and resistance to PZA, especially in a patient with a history of intravesical BCG therapy for bladder cancer.
There is no established antimicrobial regimen for the treatment of Pott's disease caused by BCG. In this case, a 12-month regimen of isoniazid and rifampin proved successful. BCG is generally highly susceptible to antituberculosis drugs, including isoniazid, rifampin, paraaminosalicylic acid, ethambutol, and to a lesser degree, kanamycin and gentamicin (7) .
